I
NCREASINGLY SOPHISTICATED LABOratory studies and diagnostic testing have led to diminished attention to the importance of the physical examination of patients. This is evidenced by a decreased emphasis on the physical examination in training programs and also by decreased proficiency among trainees in basic physical examination skills, such as cardiac and pulmonary auscultation.
1,2 An important reason for this diminished interest is that studies have documented limitations of physical examination when compared with more sophisticated methods. 3 These studies have given credence to a widespread belief that information obtained by physical examination is of limited value. [4] [5] [6] Yet increasing evidence suggests that assessment for the presence and severity of heart failure by physical examination provides significant independent prognostic information. For example, in chronic heart failure, the presence of an S 3 gallop, elevated jugular venous pressure, or both has been found to independently predict longterm mortality. 7 In ST-elevation myo-cardial infarction, the presence and severity of heart failure at the time of presentation have been formally categorized by use of the well-known Killip classification. 8 Originally described among 250 patients in 1967 in the prethrombolytic therapy era, 8 this classification has been subsequently validated to predict mortality in patients treated with thrombolytic agents and those treated with primary percutaneous coronary intervention. 9, 10 However, the relevance of Killip classification among patients with non-STelevation acute coronary syndromes is not well established. We therefore sought to determine the prognostic importance of the presence and severity of heart failure analyzed according to Killip classification in patients with non-ST-elevation acute coronary syndromes and to understand the predictive value of Killip classification compared with other common prognostic variables.
METHODS

From April 2001 to September 2003, we
analyzed information from 4 large clinical trials of patients with acute coronary syndromes without ST elevation in which prospectively recorded data regarding Killip classification were available. These trials included GUSTO IIb, 11 PURSUIT, 12 PARAGON A, 13 and PARAGON B.
14 In brief, GUSTO IIb compared hirudin and heparin in 12142 patients with both acute ST-elevation myocardial infarction and non-STelevation acute coronary syndromes; for our investigation, the 4131 patients with ST-elevation myocardial infarction were excluded. PURSUIT compared eptifibatide with placebo in 10948 patients with chest pain and electrocardiographic evidence of myocardial ischemia or positive cardiac enzymes. PARA-GON A compared lamifiban with placebo in 2282 patients with chest pain and electrocardiographic evidence of myocardial ischemia. PARAGON B compared lamifiban with placebo in 5225 patients with chest pain and electrocardiographic evidence of myocardial ischemia or positive cardiac enzymes. All trials had independent source documentation, prespecified independent data monitoring, and clinical events committees for end-point adjudication.
Determination of Killip Classification
In 3 trials (GUSTO IIb, PARAGON A, and PARAGON B), Killip classification was determined by the treating cardiologist and recorded prospectively at the time of entry into the clinical trial. In the fourth trial (PURSUIT), Killip classification was determined by recoding prospectively recorded information regarding severity of heart failure (rales) and systolic blood pressure at randomization. Specifically, Killip class I patients had no evidence of heart failure; Killip class II patients had mild heart failure with rales involving one third or less of the posterior lung fields and systolic blood pressure of 90 mm Hg or higher; Killip class III patients had pulmonary edema with rales involving more than one third of the posterior lung fields and systolic blood pressure of 90 mm Hg or more; and Killip class IV patients had cardiogenic shock with any rales and systolic blood pressure of less than 90 mm Hg. For all 4 trials, Killip classes III and IV were combined for the purpose of this analysis because very few enrolled patients were classified as having Killip class IV heart failure (overall n=90 [0.3%]).
Statistical Analysis
Demographic information is reported as either mean (SD) or number (percentage). Categorical variables were analyzed with the Pearson 2 test. Continuous variables were tested for normality. If normality could be assumed, t tests were used; otherwise, Wilcoxon rank sum tests were used.
The primary end points of this study were 30-day and 6-month all-cause mortality. Data from the 4 individual trials were combined to determine the overall impact of Killip classification on mortality. Killip class was modeled as 2 dummy variables, class II and class III/ IV, with class I as the reference group. A Kaplan-Meier curve was constructed for the end points of 30-day and 6-month all-cause mortality according to Killip classification. Log-rank tests were used to compare the KaplanMeier estimates of event rates between Killip classification groups. Multivariate Cox proportional hazard models were developed by stepwise variable selection from either variables determined to be of prognostic importance in previous studies or variables easily obtainable at initial presentation. Patients with missing data were excluded from the final analyses. However, missing patterns were checked and determined not to create bias, and analyses with imputed data showed no meaningful differences (data not shown).
The specific variables studied in addition to Killip classification were age, heart rate, and systolic blood pressure, studied as linear predictors, and body mass index, transformed using linear splines. Creatine kinase MB fraction (CK-MB) was studied as a dichotomous variable with the upper limit of normal as a cut point. If CK-MB was unavailable, total creatine kinase was used with the upper limit of normal as a cut point. 15 Sex, ST depression, and medical history (prior angina, myocardial infarction, percutaneous coronary intervention, coronary artery bypass graft surgery, congestive heart failure, diabetes, hypertension, peripheral vascular disease, stroke, severe chronic obstructive pulmonary disease, family history of coronary heart disease, chronic renal insufficiency, hypercholesterolemia, and smoking) were treated as dichotomous variables. Elements of medical history were identified through physician interview and by patient selfreport. Allocation to placebo or active control vs treatment was not included in the multivariable analyses since treatment with the various study drugs in all 4 studies had shown no impact on all-cause mortality.
11- 14 The predictive performance of the model was measured using the c statistic. In addition, the Breslow-Day test for homogeneity of odds ratios was performed to test for heterogeneity across studies. All analyses were performed with SAS version 8 software (SAS Institute Inc, Cary, NC). PϽ.05 indicates statistical significance for all comparisons.
RESULTS
A total of 26 466 patients were enrolled in the 4 studies; information regarding Killip classification was available for 26 090 (98.6%). Patients in Killip class II, III, or IV were generally older and had significantly more comorbidities, including higher rates of diabetes, prior myocardial infarction, prior congestive heart failure, severe lung disease, chronic renal insufficiency, prior stroke, and peripheral vascular disease (all PՅ.001) (TABLE 1). They were more likely to have ST depression and elevated cardiac enzymes on admission (both PϽ.001), and they had higher heart rates (PϽ.001) and lower systolic blood pressures (PՅ.005) and diastolic blood pressures (PϽ.001).
Higher Killip class was a powerful predictor of all-cause mortality in all 4 trials studied (FIGURE 1). In the combined analysis, Killip class II was associated with a more than 3-fold increase in 30-day mortality compared with Killip class I (8.8% vs 2.8%; PϽ.001). Killip class III/IV was associated with a more than 5-fold increase in 30-day mortality compared with Killip class I (14.4% vs 2.8%; PϽ.001). The increase in mortality was evident early after trial entry; in addition, the absolute mortality differences between Killip classes increased with (Figure 3) .
A total of 18 variables at 30 days and 21 variables at 6 months provided statistically significant prognostic information ( Figure 3) . Five of these variablesage, Killip classification, heart rate, systolic blood pressure, and ST depression-provided more than 70% of the prognostic information for the end points of 30-day and 6-month all-cause mortality (TABLE 2). The overall c statistic of the models at both 30 days and 6 months was 0.789. The Breslow-Day test comparing odds ratios for Killip class III/IV vs Killip class I/II across studies showed that the effect of Killip classification on mortality was not heterogeneous at 30 days (P=.47) or at 6 months (P=.17).
COMMENT
This study of more than 26 000 patients with non-ST-elevation acute coronary syndromes indicates that assessment for the presence and severity of heart failure through Killip classification provides powerful independent prognostic information regarding both short-term (30-day) and longterm (6-month) all-cause mortality. Furthermore, Killip class III/IV is the most powerful predictor of short-term and long-term mortality in non-STelevation acute coronary syndromes. Thus, the physical examination should be viewed as an evidence-based aspect of the assessment of these patients, similar to interpretation of an electrocardiogram or measurement of serum cardiac markers. In fact, Killip class appears to be of greater prognostic importance than the results of these widely accepted studies.
Previous research of Killip classification in non-ST-elevation acute coronary syndromes has been limited to 2 studies to date. In 1 study, elevated Killip class was found to be a significant predictor of 1-year mortality, although the inclusion of in-hospital events such as recurrent ischemia and revascularization procedures in the multivariate analysis may have underestimated the prognostic strength of Killip class at the time of initial presentation. 16 In the other study, Killip class II or higher was a significant predictor of 90-day cardiovascular mortality. 17 In contrast with Killip classification, the presence of heart failure on initial assessment has long been considered a risk factor for adverse outcomes. 18 However, there have been conflicting reports regarding the magnitude of risk associated with this finding, and its presence as an adverse factor has been notably absent in many risk-stratification studies. [19] [20] [21] [22] [23] This absence often simply is due to lack of information regarding physical examination findings at the time of presentation. [19] [20] [21] In other cases, the number of patients with heart failure is very small, making it difficult to achieve adequate statistical power. 22, 23 Furthermore, our finding that higher Killip class is more strongly related to risk of mortality than to that of myocardial infarction has important implications. In studies focusing on composite end points, heart failure and Killip class would be less impressive, if not insignificant, risk factors since their ability to predict common end points other than death is modest. Yet, in studies focusing solely on mortality, heart failure is often a powerful risk factor for death. 24 Killip classification has been extensively studied in patients with STelevation myocardial infarction, in which it has been associated with highrisk characteristics, including increasing age, diabetes, prior myocardial infarction, and prior congestive heart failure. 10, 25, 26 In addition, these patients have more severe angiographic coronary artery disease, a higher incidence of depressed ventricular function, and larger myocardial infarctions. 26 In our study, patients with higher Killip class had similar highrisk characteristics and were more likely to have ST depression, a marker for severe coronary disease, 27 and elevated cardiac enzymes consistent with myocardial infarction (Table 1) . Thus, the demographic and clinical findings in non-ST-elevation acute coronary syndromes with higher Killip class parallel those found in ST-elevation myocardial infarction.
However, it is critically important to appreciate that elevated Killip class is not simply a surrogate marker for either these high-risk findings or ventricular dysfunction. Instead, it uniquely provides independent prognostic information that is unavailable by other means. In the GUSTO I trial, Killip class remained one of the most powerful predictors of mortality, despite controlling for more than 20 other baseline characteristics. 9 Similarly, the risk associated with elevated Killip class is independent of ventricular function and adds prognostic value in patients with depressed ventricular function and those with normal ventricles. [28] [29] [30] [31] The mechanism behind the increased risk associated with Killip class is unknown, although recent studies suggest that diastolic dysfunction 32 and a propensity to develop delayed left ventricular dilatation may play a role. 26 Killip class IV or cardiogenic shock was a rare finding in our study, occurring in only 0.3% of patients. This finding may reflect considerable selection bias because higher-risk patients are less likely to be enrolled in clinical trials. 33 Yet our finding is in accordance with those of other studies indicating that cardiogenic shock at the time of initial presentation is far less common in patients with non-ST-elevation acute coronary syndromes than in those with ST-elevation myocardial infarction. 34 Instead, cardiogenic shock tends to develop during hospitalization, often secondary to recurrent ischemia or infarction. 34 Once it develops, it is asso- CK-MB indicates creatine kinase MB fraction; ULN, upper limit of normal; MI, myocardial infarction; CABG, coronary artery bypass graft surgery; PVD, peripheral vascular disease; BMI, body mass index; BP, blood pressure; CHD, coronary heart disease; PCI, percutaneous coronary intervention; CI, confidence interval; COPD, chronic obstructive pulmonary disease; and CHF, congestive heart failure. ciated with an extremely high mortality rate, similar to that of cardiogenic shock complicating ST-elevation myocardial infarction. 34 The delay in presentation of cardiogenic shock in non-ST-elevation acute coronary syndromes creates a fortuitous window, during which early revascularization may prevent cardiogenic shock among those at greatest risk.
Our multivariable model underscores the importance of 5 factorsage, Killip class, heart rate, systolic blood pressure, and ST depression on electrocardiogram-which provide more than 70% of the prognostic information for both 30-day and 6-month mortality in non-ST-elevation acute coronary syndromes. These finding are analogous to those for ST-elevation myocardial infarction, in which these 5 factorssubstituting infarction location for ST depression-provided more than 90% of the prognostic information for 30-day mortality. 9 The less-pronounced impact on mortality by these 5 factors in non-ST-elevation acute coronary may represent the more sudden and acute nature of complete coronary artery thrombosis in ST-elevation myocardial infarction, which makes immediate hemodynamic factors such as systolic blood pressure, heart rate, and Killip class of greater importance in determining prognosis. In addition, patients with non-ST-elevation acute coronary syndromes are more heterogeneous than those with ST elevation since they often include a minority who do not have significant coronary artery disease. 27, 35 The prognosis of these low-risk patients is markedly different, making it more difficult to predict outcomes accurately in non-ST-elevation acute coronary syndromes. Nevertheless, these 5 factors should receive particular attention in the initial assessment of all patients with acute coronary syndromes, regardless of the presence or absence of ST elevation.
Guidelines for management of unstable angina and non-ST-elevation myocardial infarction, issued originally by the Agency for Health Care Policy and Research 36 and subsequently by the American College of Cardiology and the American Heart Association, 18 list a number of features associated with high risk of early death or nonfatal myocardial infarction. Our results confirm the appropriateness of many of these factors in predicting mortality, including age, tachycardia, hypotension, ST depression, elevated cardiac enzymes, and heart failure (or, more specifically, Killip class). Additionally, our data support the high-risk nature of prior myocardial infarction, which is currently noted as an intermediate-risk finding, and diabetes mellitus, which is currently not listed. However, the 30-day mortality of patients with unstable angina classified as high risk by these Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters); CABG, coronary artery bypass graft surgery; CHD, coronary heart disease; CHF, congestive heart failure; CK-MB, creatine kinase MB fraction; COPD, chronic obstructive pulmonary disease; PCI, percutaneous coronary intervention; PVD, peripheral vascular disease.
guidelines was only 1.7% when prospectively studied. 37 This finding points to the need to develop more sophisticated algorithms of these risk factors to accurately predict a particular patient's risk of mortality.
Our analysis has several limitations. Our determination of Killip class was not standardized or adjudicated, although we believe it reflects typical clinical practice. In addition, there have been no prior studies on the accuracy, interrater reliability, and intrarater reliability of physicians' determinations of Killip classification. However, inaccurate assignment of patients due to these factors would have supported the null hypothesis, showing no relationship between Killip classification and mortality. Patients with underlying severe lung disease may have physical examination findings that mimic heart failure, confounding accurate determination of Killip classification. However, the relationship between Killip classification and mortality remained, even when controlling for this factor. In addition, the comparative value of Killip classification vs other risk stratification tests, such as nuclear and echocardiographic stress testing 38, 39 or serum brain natriuretic peptide and C-reactive protein, is not known. 40 However, because these particular tests involve varying needs for sophisticated medical equipment, technical expertise, and patient stability, as well as considerable expense, we believe that there will be a continued prominent role for simple physical examination in early risk stratification of these patients. Our study predates the widespread adoption of serum troponin measurements; thus, its contemporary relevance may be questioned. However, CK-MB measurements remain widely used and are a well-validated predictor of mortality. 15, 41 Furthermore, it is likely that higher Killip class represents a different risk process than that of elevated troponin level, particularly since it was completely independent of CK-MB. Finally, we studied patients enrolled in clinical trials, who may not fully reflect the broader community of patients with non-ST-elevation acute coronary syndromes.
Our study underscores the independent prognostic importance of physical examination, particularly Killip classification, during the initial assessment of patients with non-ST-elevation acute coronary syndromes. In addition, 5 factors-age, Killip class, heart rate, systolic blood pressure, and electrocardiogram-provide important prognostic information for patients with acute coronary syndromes, regardless of ST elevation. Further studies are needed to better understand the pathophysiologic mechanisms behind Killip classification in non-ST-elevation acute coronary syndromes and to determine its potential role in risk-stratification algorithms.
The first idea that the child must acquire, in order to be actively disciplined, is that of the difference between good and evil, and the task of the educator lies in seeing that the child does not confound good with immobility, and evil with activity. 
